of digestive enzymes secreted by the rabbit pancreas in vitro when these stimulants were added to the bathing medium 2 h after labeled amino acid had been introduced.
Inhibition was approximately 97% for MCh and 78 yO for CCK-PZ. This observation indicates that secreted proteins are derived from two parallel intracellular pools, slowly (SEP) and rapidly (REP) equilibrating, probably zymogen granules and cytoplasm, respectively. The secretory stimulants preferentially increased protein secretion from the SEP. In the unstimulated state secretion from the REP accounted for no less than from 18 to 7 1 y0 of the total protein secreted for individual experiments. A 5-min delay in the response to MCh was observed. During this delay, secretion from the REP was inhibited relative to secretion from the SEP, even though overall protein output was unchanged. This suggests that competitive inhibition occurred between secretory proteins derived from the two different pools for a common exit process. agreed upon by many investigators is that protein secretion by the pancreas, as well as the secretion of other organic molecules from cells containing secretory granules, occurs by a single mechanism in which the secretory product is completely and continuously separated from the cytosol in a membrane-bound system subsequent to its synthesis on the ribosomal complex (6, 16, 17, 19). Digestive enzyme movement from this site to the apical surface of the cell is thought to occur by enzyme transfer through several intracellular "compartments" in series with one another with the process culminating with interactions between granule and plasma membrane ("fusion" or "fusion-fission"), which leave the secretory product outside of the cell. Despite the apparent "acceptance" of this model, it does not account for many observations that have been reported both in the past (5, 11, 12, 18) and more recently ( 1, 13, 14, 2 l-25, 27). It also cannot be reconciled with the present experiments which suggest that a different construct may be consistent with more of the available data.
The experiments described here show: I) that secreted digestive enzymes are derived from two parallel pools, rapid and slowly equilibrating, not a single pool as the model described above suggests; 2) that the relative contribution to secretion from each pool is altered by secretory Francisco, California 94143 stimulants; 3) that these alterations are related to the preferential release of stored or older protein in response to the particular stimulant at least at the onset; and suggest 4) that enzymes derived from these two pools mix within the cell prior to enzyme transfer across the plasma membrane.
METHODS

Secretion
was collected from the cannulated duct of whole rabbit pancreas in vitro. Glands were taken from male New Zealand white rabbits (2-3 kg body wt) and mounted in a Plexiglas chamber using techniques that have been described elsewhere (20, 26 (Fig. 5) . Furthermore, when MCh was added approximately 8.5 hr after isotope was originally placed in the medium, the isotope having been removed from the bath some 3.5 h prior to the addition of MCh, an increase in the SRA of secretion was observed (Fig. 5) . (Fig. 6, model 1) . In a series process such as this, an increased rate of protein secretion would either increase the specific radioactivity of secreted protein hastening the attainment of isotopic equilibrium between the ribosomal pool and secretion or leave it unaffected if equilibrium were either extant throughout the system or at least between the immediate precursor pool and secretion. In such a system, in the continued presence of labeled amino acids, the specific radioactivity of protein in secretion would not decline.
The kinetics we observed can be resolved, in its simplest form, as enzyme secretion derived from two parallel intracellular pools, one having a higher specific activity than the other, being closer to or at isotopic equilibrium with the ribosomal pool. Using such a model, the decrease in the SRA of secreted protein produced by stimuli such as MCh should become less pronounced as the more slowly equilibrating pool approaches isotopic equilibrium over time. This was observed (Fig. 5) isotope was added was replaced several hours later by a more modest depression (Fig. 5) . Also, if the isotope was removed from the bathing medium after several hours and the more rapidly equilibrating pool was ccchased" with cold leucine, then MCh predictably increases the SRA of secretion (Fig. 5) .
In a related observation using a "pseudo-pulse" of label (intravenously administered labeled amino acid), Keller, Cohen, and Neurath (9) described an "unusual shape of the radioactivity-time curve of the zymogens (i.e., trypsinogen and chymotrypsinogen A in bovine secretion)-viz., an initial rise followed by a decrease and again a rise." They felt that the reason for the observation was 'Cobscure," but it describes the kinetic behavior expected of secretion derived from two parallel pools, one of which reaches steady state more rapidly than the other.
An estimate of proportion of secreted protein derived from rapidly equilibrating pool (REP) in unstimulated state. We can estimate the proportion of secreted protein derived from each pool in the unstimulated state simply by calculating the degree of mixing which should produce the observed SRA. In making this calculation we assumed that digestive enzymes in the rapidly equilibrating pool were at isotopic equilibrium 2 h after radioactive leucine was added to the bathing medium and further that the nadir SRA observed subsequent to the administration of MCh reflected the true SRA of the slowly equilibrating pool (SEP) at that time. These assumptions provide us with a minimum estimate of the pool's contribution to secretion. If either the proteins in the REP had not reached equilibrium by 2 h or the true SRA of the SEP werelower than the SRA nadir after MCh administration, then our estimate would be less than the true contribution of REP to the total secreted protein. In order to make the calculation, the composite specific activity of the digestive enzymes at the steady state must also be known. This is a function of the SRA of leucine in the bathing medium (assuming isotopic equilibrium between medium and the relevant intracellular amino acid pool) and the percentage of leucine in the composite amino acid composition of the secreted proteins. Leucine accounts for between approximately 2 and 8% of the amino acids in digestive enzyme proteins, at least in those whose amino acid composition has been determined (ribonuclease--2.0 %, amylase-4.7 %, trypsinogen -6.0 %,elastase-7.5 %, procarboxypeptidase -7.5 %, and chymotrypsinogen-7.8 %). We used 6 % to make the calculations.
If the highest value is used rather than 6 %, then the minimum proportion of protein secreted via the REP shown in Table 1 The "observed SRA" is the SRA of secretion 2 h after the addition of isotope to the bath. The "nadir post-MCh SRA" is an estimate of the SRA of the SEP at 2 h. The ?teadystate SRA" was 165,200 dpm/mg protein, assuming that 6 % of the amino acid residues of the secreted proteins are leucine.
Using this calculation, the percentage of secreted protein derived from the REP for the experiments presented in Table 1 In response to MCh neither independence nor synchrony was observed; the absolute amount of labeled protein (REP derived) secreted was profoundly depressed (Fig. 3 ) and this depression occurred prior to any increase in overall protein secretion (Fig. 1) . The inhibition of labeled protein secretion from thi9 pool could be noncompetitive, one process being '<shut-off" prior to the other process being "turned on," or competitive, indicating pool mixing and competition for a final common transport process. Since in the unstimulated state protein secreted from the REP represents a significant portion of total protein secretion, noncompetitive inhibition would be reflected in a sizable decrease in total protein secretion exactly proportional to the inhibition of labeled protein secretion; the labeled protein simply acting as a Cc tracer" for this pool's contribution to secretion. This was not so. A large inhibition of labeled protein secretion was observed without any significant in-
